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Appendix I 

Ecological Screening and Dose Calculations 

This appendix contains (1) methodology and resulting EBSLs used in Phase 1 screening 
(Section El), (2) a “road map” to input values used in exposure model calculations (Section I-5) and (3) 
resulting dose calculations and hazard quotients for functional groups and individual receptors analyzed 
as part of the WAG 5 ecological risk assessment (Section I-6). 

I-1. EBSL CALCULATIONS AND PARAMETERS INPUT VALUES 

A need was identified for a method to quickly screen sites based on ecological-based values that 
would remain protective of all receptors potentially present at a site. Basic similarity in receptors across 
the facility makes it possible to develop lNBBL-wide screening levels. The use of INBBL-specific 
ecological based screening levels (BBSLs) provides a rational, consistent approach for allowing initial 
contaminant screening at each site within a WAG. 

The purpose of this section is to document the exposure equations, receptors (functional groups), 
input parameters, and toxicity reference values (TRVs) used to calculate EBSLs for receptors at WAG 5. 
EBSLs are defined as concentrations of contaminants of potential concern (COPCs) in soil (or other 
media) that are not expected to produce any adverse effects to selected ecological receptors under chronic 
exposure conditions. These EBSLs are INBlSL-specific and are not applicable to other sites. The report 
compilations are limited to species and contaminants identified as present at the INEEL, and all values 
were derived based on environmental conditions specific to the INEEL. 

Section I-2.2 presents development of EBSLs equations used for both nonmdionuclide and 
radionuclide contaminants at the INEEL. Section 7.52.5.2 discusses the development of functional 
groups at the INBBL and documents the groups assessed at the INBBL. All subsequent information was 
compiled in such a form as to support the functional grouping approach at the INEEL. Section I-2.4 
presents the compilation of input parameters used in the EBSL equations. Section I-2.5 presents the 
TRVs used to evaluate potential adverse effects to ecological receptors. Section I-2.6 presents the EBSLs 
calculated for nonradionuclide and radionuclide contaminants. 

EBSLs are calculated by inverting the exposure equations as discussed in this section. Intake or 
exposure of ecological receptors to contaminants in the environment is generally calculated using basic 
foodweb models. In the risk assessment process these intake values are compared to TRVs to provide an 
evaluation of the potential effects to receptors. Manipulation of these equations allows the calculation of 
a contaminant concentration in a medium that would not be potentially harmful to the receptors with 
chronic exposure. 

lNBEL sites potentially contain both radionuclide and nonmdionuclide contamination. 
Determining exposure to each of these types of contaminants requires different modeling. The 
approaches used to calculate EBSLs for either exposure to nonradionuclides or radionuclides are 
presented in the following sections. 
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I-1 .l Development of EBSLs for Nonradionuclide Contaminants 

I-1 .l .l EBSLs for Soil/Sediment Exposure 

The major pathways of contaminant exposures at the INEEL include soil, food, and water 
ingestion. Exposure to contamination is expected to occur primarily via direct soil ingestion and food 
chain biotransfer (i.e., consumption of plant and animal matter containing chemicals derived from soil). 
Thus, Equation (I-l) is a general exposure equation for receptors. 

Intake mg [ 1 J(PPxc,)+(PVxc,)+PSxc,)]xIRxSUFxED 
kg -body BW 

(1-l) 

where 

E&oi&ld 

PP 

CP 

PV 

C” 

PS 

G 

IR 

SUF 

ED 

BW 

estimated intake from ingestion of food and soil (mg/kg body weight-day) 

percent of diet represented by prey ingested (kg prey/kg diet) 

concentration of COPC in prey item ingested (mg/kg prey) 

percent of diet represented by vegetation ingested (kg vegetation/kg diet) 

concentration of COPC in vegetation ingested (mg/kg vegetation) 

percent of diet represented by soil (kg soil/kg diet) 

concentration of COPC in soil (mg!kg soil) 

total food ingestion rate (kg dry weight/day) 

site use factor (affected area/receptor home range [unitless]); defaulted to 
1.0 for EBSL calculation 

exposure duration (fraction of year spent in the affected area [unitless]); 
defaulted to 1.0 for EBSL calculation 

receptor-specific body weight (kg). 

Equation (I-2) estimates the concentration of COP& in prey items (C,). 

cp=csxBAF 

where 

c, = concentration of COPC in prey item ingested (mg/kg prey) 

G = concentration of COPC in soil (mg!kg soil) 

(I-2) 
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BAF = prey-specific bioaccumulation factor (mg COPCkg in tissue/mg COPC/kg 
soil). 

The concentration of COPCs in vegetation (C.,) was estimated using the Equation (I-3). 

c.=c,xPUF (1-3) 

where 

c, = concentration of COPC in vegetation ingested (mg/kg vegetation) 

CS = concentration of COPC in soil (mgikg soil) 

PUF = plant uptake factor (mg COPUkg plant tissue/mg COPCYkg soil). 

Equation (I-4) combines the previous equations, thus the exposure equation can be rewritten as: 

EEsoiwd = c, x IW x BAF) + V’V x PW+ (WI x IR 
BW U-4) 

where all parameters are as previously defined 

To calculate EBSLs for screening against nonradiological soil contamination concentrations, the 
target hazard quotient (THQ) will be determined. This is defined as a quantitative method for evaluating 
potential adverse impacts to exposed populations, and is calculated in Equation (I-5). 

where 

THQ = target hazard quotient (unitless), established at 1 .O for nonradionuclide 
contaminate exposure 

EE,oiu,ecii,.t = estimated exposure from soil and/or sediment (mgkg body weight-day) 

TRV = contaminant-specific toxicity reference value (mgkgday). 

Thus, solving for the concentration of the nonradionuclide contaminant in the soil (C,) and 
assuming that when THQ equals 1 that EEsoil = TRV. The EBSL for contaminaut in the soil is calculated 
using the Equation (I-6). 

NR - EBsLsoi’ = [(PP x BAF) + (PV x PUF) + (PS)] x IR 
TRV x BW 

(I-6) 

NR-EBSL,,il = WAG-specific EBSL for non-radionuclide contaminants in soil (mg/kg), 
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Exposure parameters including dietary composition (percent soil [PSI, percent prey [PP], and 
percent vegetation [PV]), home range, temporal and spatial habitat use data (site use factor [SUF] and 
exposure duration [ED]), soil ingestion rate, food ingestion rate (IR), body weight (BW) and uptake 
factors (bioaccumulation factors [BAFs], and plant uptake factors [PUFs]) are input to calculate the 
EBSL. The input values for calculating EBSLs for each functional group/contaminant combination 
assume that members of the functional groups are exposed to stressors to the maximum extent, perhaps 
beyond what is actually plausible. For example, it~is assumed that a raptor captures 100% of its prey from 
a contaminated site, and that all the prey are exposed to maximum contaminaut concentrations at the site. 
This is similar to the human risk assessment concept of the “maximally exposed individual,” a 
hypothetical individual who is assumed to live and grow his own food at a location of maximum exposure 
to a stressor. Each parameter is discussed in Section I-3 in more detail. 

I-1 .1.2 EBSLs for Water Ingestion Exposure 

If potentially contaminated surface water exists, the fast step was to compare any observed 
effluent concentrations against water quality criteria or benchmarks that exist in the literature. If the 
effluent concentration exceeds the benchmark or if no benchmark currently exists, an EBSL for water 
ingestion was calculated. This EBSL is only applicable for those species that may be obtaining drinking 
water for terrestrial species. They are not applicable as benchmarks for the health of aquatic invertebrate 
or other species that might eventually use the surface water. Equation (I-7) is the general equation for 
dose in mg/kg body weight-day from water ingestion. 

CWxWIxEDxSUF 
EEww= BW 

(I-7) 

EE,, = estimated intake from ingestion of food and water (mg/kg bodyweightday) 

cw = contaminant concentration in water (mg/L) 

WI = water ingestion rate (U&y) 

The water ingestion is found in Equations I-8 and I-9 (EPA 1993). 

WI = 0.099 BW”* lfor all mammals) (I-8) 

WI = 0.059 BW”67 (for all birds) (I-9) 

where body weight is in tits of kg. 

To calculate EBSLs for screening against nonradiological soil contamination concentrations, the 
THQ will be determined. This is defined as a quantitative method for evaluating potential adverse 
impacts to exposed populations, and is calculated by Equation (I-lo). 

THQ = &?? 
TRV 

(I-IO) 

I-4 



where 

THQ = target hazard quotient (unitless), established at 1.0 for nomadionuclide 
contaminate exposure 

EE,,., = estimated exposure from water (mgkg body weight-day) 

lxv = contaminant-specific toxicity reference value (mg/kgday). 

Thus, solving for the concentration of the nonradionuclide contaminant in the water and assuming 
that when THQ equals 1 that BB,, = TRV. The ED and SUP are defaulted to 1.0 and therefore are 
dropped from the equation to give: 

TRV x BW 
EBSLwm = wI (I-l 1) 

Because of the complexity of water ingestion by reptiles, no general reptilian water ingestion 
equation is available. It was generally assumed that desert reptiles, such as those found at the INBBL, get 
their water from prey. Plant uptake of contaminated surface water is also not considered. 

I-1.2 Development of EBSLs for Radionuclide Contaminants 

The method used for relating the amount of radiation to specific biological effects is the radiation 
dose rate, which is a measure of the amount of radiation energy that is dissipated in a given volume of 
living tissue. Radionuclide exposure can occur from both external contact and internal ingestion. These 
issues will be presented separately. 

l-1.2.1 internal Radiation Dose Rate from Soil Exposure 

Internal radiation dose rate estimates are calculated by assuming that the steady-state whole body 
concentration is equivalent to the steady-state concentration of radionuclides in reproductive organs using 
Equation (I-12). This is as presented in IAEA (1992). 

DRj”,<,, = Dose = TC x ED x 2 x FA x 3200 dis/doy - pCi 
6.24x109MeV/g-Gy 

(I-12) 

where 

Dhmczr = 

TC = 

ED = 

SCJF = 

ADE = 

FA = 

internal radiation dose rate estimate (Gy/day) 

tissue radionuclide concentration (pCi/g) 

exposure duration (fraction of year spent in affected area) (unitless) 

site use factor (affected area/receptor home range [unitless]; defaulted to 1.0 
for EBSL calculation 

average decay energy per disintegration (MeVklisintegration) 

fraction of decay energy absorbed (unitless) 
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Since tissue levels of radionuclides are derived by multiplying the concentration of radionuclide in 
soil by a radionuclide-specific concentration factor (CF) for all termstrial animals or terrestrial plants, the 
above equation can be rewritten as Equation (I-13). 

D&um~ = CSxCFxEDxADExFAx32OOdis/day-pCi 
6.24~10~ MeV/g - Gy 

(I-13) 

where 

cs = concentration of contaminaut in soil ingested @Ci/g) 

CF = concentration factor (unitless). 

Solving for the concentration of contaminant in soil (CS) and redefining this concentration as an 
EBSL, the EBSL for internal consumption of radiological contaminants from contaminated soil media is 
estimated using the Equation (I-14). 

= EBSL= TRV ~6.24~10~ M.&/g - Gy 
CFxEDxExFAx32OOdis/day-pCi 

(I-14) 

where 

EBSLimm, = internal ecological based screening level for radionuclides in soil (pCi/g) 

TRV = toxicity reference value (Gy/day). 

Assumptions used in the calculation of the ADE values were for radiations whose energy would be 
deposited in small tissue volume @,a), the FA was set equal to 1. For gamma radiation, the FA was 
conservatively set equal to 0.3 (30%). This value is assumed to be conservative (IAEA 1992). Only 
radiations with an intensity of 1% or greater were considered, and Auger and conversion electrons were 
not considered. The ADE values were calculated using Equation (I-15) (Kocher 1981): 

E=x;y,Ei 

where 

(I-15) 

ADE = average decay energy per disintegration (MeV/dis) 

K = yield or intensity 

E! = energy of radiation, for 8 = average energy. 

The CFs for radionuclides are discussed in Appendix H. For EBSL development the CF values for 
animals are assumed to be 1 for contaminants and receptors unless the repotted value is greater (in this 
case the larger value was used). This is a conservative assumption used to develop screening level values. 

I-1.2.2 Internal Radiation Dose Rate from Water Ingestion 

Water ingestion of radionuclides may occur and will be assessed by using a differential equation 
[Equation (I-16)]. 
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dTC -=I-n,(TC)-&(TC)-L 
dt 

where 

(I-16) 

TC = tissue concentration (pCi/g tissue) 

I = intake [(pCi/L)(Ug tissue-day)] 

/2, = radiological decay constant (l/day) 

12 = biological loss constant (l/&y) 

L = other loss (e.g., through urination) [@ci)(ug tissue-day)]. 

Conservatively assuming L = 0 and solving for TC at equilibrium (i.e., dTC/dt = 0) gives 
Equation (I-17). 

TC=L..- 
a,+/22 

O-17) 

The daily ingestion rate of the radionuclide from water, I, is calculated using Equation (I-18). 

I= CWXWI 
BW x 1,000 g/kg 

where 

I = intake [(pCi/L)(Lkg tissue-day)] 

cw = concentration of the radionuclide in water (pCi/L) 

WI = water ingestion rate (L/d) 

BW = body weight (kg). 

So the tissue concentration due to water ingestion determined by Equation (I-19). 

TC= CWXWI 
BWx(;l,+&)~l.OOOg& 

(I-18) 

(I-19) 

The water ingestion is found using Equations (I-8) and (I-9). 

Multiplying this equation by (ED x ADE x FA x 3200)/6.24 x log) results in a dose rate 
analogous to that calculated in equation I-13. Solving for the concentration of CW and redefming this 
concentration as an EBSL, the EBSL for water ingestion of radiological contaminants from contaminated 
water media is estimated using the Equation (I-20). 

EBGw,e, = [TRVxBWx(~+il2)xioOOX6.24~109]/(WIxEDxADEXFAX3200). (I-20) 

I-7 



EBSLwer = ecological based screening level for radionuclide ingestion from water 
(PCW. 

I-1.2.3 External Radiation 

External dose rate EBSLs are derived using formulas outlined in Shleien (1992). Dose rate to 
tissue in an infinite medium uniformly contaminated by a gamma emitter is calculated by Equation (I-21). 

d = 2.12xzxc (I-21) 
P 

where 

DLwmr = external dose rate to tissue (rads/br) 

ADE = average gamma decay energy per disintegration (MeVklis) 

c = concentration of contaminant (mCikm3) 

P = density of the medium (gkm3). 

Solving the equation for the concentration in soil (C) assuming an acceptable dose to animals is 
1 mGy/day (0.1 radklay, which is equal to 4.12E-03 rati) (IAEA 1992) and redefining this 
concentration as an EBSL, the EBSL for external dose from radiological contaminants in soil is estimated 
using Equation (I-22). 

(I-22) 

where 

EBSL,,,, = ecologically based screening level for external exposure to radionuclides in 
soil (pCiig) 

DLmta~ = external dose rate to tissue (tads/l-n) 

ADE = average gamma decay energy per disintegration (MeV/dis). 

This equation conservatively estimates the dose to burrowing terrestrial functional groups (i.e., 
groups AV21OA, AV222A, M122A. M210A, and M422). This equation also conservatively reflects that 
these functional groups spend 100% of their time with external exposure. For the nonburrowing 
functional groups, it is conservatively assumed that they are exposed to 50% (hemisphere) of radiation. 

The dose rate for use in the external EBSL calculation is 4.12E-03 rads/hr as discussed above. 
Contaminant-specific average decay energies and FA values for the radionuclides of concern (Grove 
Engineering 1996) are presented below (Mevdisintegration): 
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Ag-108m 1.62E+OO (y) 
Am-241 5.48E+OO (a), 2.23E-02 (y) 
Co-58 3.OOE-02 (fl), 8.06E-01 (y) 
Co-60 9.57E-02(P), 2.5OE+OO (y) 
cs-134 1.57E-01 (B), 1.55E+OO (y) 
cs-137 1.71E-01 (S), 5.96E-01 (y) 
Eu-152 5.71E-01 (B), 1.3OE+oO (y) 
Eu-154 2.33E-01 (B), l.l9E+OO (y) 
Mn-54 8.35E-01 (y) 
Pu-238 5.49E+OO (a), 2.78E-05 (y) 
Pu-239 5.15E+OO (a), 5.66E-05 (y) 
Ra-226 4.77E+OO (a), 6.1OE-03 (y) 
Sr-90 5.83E-01 (B) 
Th-228 5.4OE+OO (a), 1.96E-03 (y) 
Th-230 4.66E+OO (a), 3.8OE-04 (y) 
Th-232 4.OOE+OO (a), 1.63E-04 (y) 
Tl-208 1.6OE+OO (B), 2.61E+OO (y) 
U-234 4.76E+OO (a), 1.49E-04 (y) 
U-235 4.28E+OO (a), 1.36E-01 (y) 
U-238 4.2OE+OO (a), 3.47E-05 (y) 
z-95 1.16B01 (B), 8.OOE-01 (y) 

l-2. EBSL PARAMETER INPUT VALUES 

The EBSLs were calculated using the models presented in Section I-2.2 and species-specific input 
values (PV, PP, PS, IR, WI, BW, ED, SUF) compiled from the literature. Exposures for each functional 
group or species incorporate best estimates to reflect species-specific life history and feeding habits. 
Defaults and assumptions for selecting EBSL soil/sediment and drinking water model input values are 
given in Table El. Finalized parameter input values used to model contaminant intake through 
consumption of food or water by functional groups and individual species evaluated as part of the initial 
ERA screenings are presented in Table I-2. These values have been explicitly developed to reflect 
INEEL contaminant issues. Individual parameter values and literature sources are discussed in the 
following subsections. 

l-2.1 Diet (PV, PP, PS) 

Group and individual species diets are represented in the EBSL equations by the sum of three 
parameters (percent vegetation [PV], percent prey [PP], and percent soil [PSI), constrained to equal 
100%. For herbivores, PV is represented by 1 - PS, (where PP = 0). No distinction was made between 
the types of vegetation consumed. Although some primarily herbivorous species may consume a small 
percent of its diet as insect prey, this was considered in the trophic assignment as part of the functional 
grouping criteria (VanHom et al. 1995). 

For carnivores, PP is represented by 1 - PS, (where PV = 0). Values for the fraction of overall diet 
represented by prey were taken from species specific or representative species diets as reported in the 
literature. 
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PP N/A 

PS N/A 

IR Allometric equations from Nagy N/A 
(1987). The largest IRBW ratio was 
used from the species within a 
functional group. 

Table I-1. Parameter defaults and assumptions for EBSL calculations. 

EBSL 
Parameter Soil/Sediment Calculations 

PV Herbivores - 100 minus PS 
Insectivores - 0 
Carnivores - 0 

EBSL 
Water Calculations 

N/A 

Omnivores - PV from literature minus 
PSI2 
Herbivores - 0 
Insectivores - 100 minus PS 
Carnivores - 100 minus PS 
Omnivores - PP from literature minus 
PSl2. 

The highest value (i.e., greatest 
exposure) was selected from species 
within functional group. Individual 
species evaluated using values as 
presented. 

WI NA * Allometric equations for birds and 
mammals (EPA 1993). The largest 

BW 

ED 
SUP 

WI/BW ratio was selected from species 
within each functional group 

The smallest BW/IB ratio was selected l The smallest BW/WI ratio (smallest 
from species within each functional BW) was selected from species within 
group. each functional group 
Defaulted to 1. l Defaulted to 1 
Defaulted to 1. l Defaulted to 1 
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Table l-2. Parameter input values for EBSL calculations. 
Funclional 

Groups PP PV PS SUF ED 

Amphibians (A232) 

Avian herbivores (AVIZl) 

Avian hnbivores (AVIZZ) 

Avim herhivoxs (AV132) 

Avim herbivores (AVl42) 

Tmmpeter swan 

Avian herbivores (AV143) 

Avim insctivom (AVZIO) 

Black ten, 

Avim imectivom (AVZIOA) 

Avim insectivore (AV221) 

Avim inseetiwm (AVZZZ) 

Avian insectivores (AVZZZA) 

Avian insect&m (AV232) 
v Avian imdvom (AV233) 

White-faced ibis 

Avian insectivores (AV241) 

Avian insectivores (AV242) 

Avian carnivores (AV310) 

Northern goshwk 

Pengdw falcon 

Avian carnivores (AV322) 

Bald eagle 

Fmginous hawk 

Log&cad shdke 

Avim cmivons (AV322A) 

Bumming Owl 

Avim carnivores (AV333) 

Avim camivons (AV342) 

Avian omnivore (AV422) 

Avim omnivores (AV432) 

A&m omnivores (AV433) 

VALE-O, 

O.OOE+CG 

O.OOE+w 

O.OOE+OO 

O.WEiOl 

O.WEtW 

o.wm 

9.8OE-01 

9.8OE-01 

9.7ol301 

9.7OE-01 

9.07E.01 

9.07E-01 

s.zoE-01 

S.ZOE-01 

8.9OB01 

8.2OE.01 

8.2OEOl 

9.8OE01 

9.*oE-01 

9.8JJEOl 

9.8OE.01 

9,8OE-01 

9.8OEO1 

9.8OE-ol 

9.7OE01 

9.70%01 

S.2OE01 

9.8mLOl 

6.27B-01 

.5.7OE-01 

5.7OE01 

O.M)E+w 

9.9OE-01 

9.07E-01 

s.*oE-01 

9.18E-01 

9.18s01 

9.18E-01 

O.WE+WJ 

O.WEtOO 

o.rmtoo 

O.CKlE+OO 

O.WE+W 

O.OOB+OO 

O.WE+M) 

O.OOEtM) 

o.wEtoo 

o.wm 

O.WE+OO 

O.OOE+w 

O.MIE+w 

o.wEiQo 

O.oOEGlO 

O.OOi?&OO 

o.w- 

o.wE+oo 

o.wBtoo 

O.OOEGlO 

O.COEKKl 

O.OOEKtO 

2.8OE.01 

25OE-0, 

2.5oE-01 

5.9OE-02 

I .wE-02 

9.3OE-02 

1.8OB.01 

8.2OE02 

8.2OB-02 

S.ZOEO2 

Z.WE-02 

2.OOI??M 

3.om02 

3.cm-02 

9.3OE-02 

9.3OE-02 

I .8OE-01 

I .8OE-01 

l.lOE-01 

I .8OE-01 

l.8OEOl 

2.cm-02 

z.cm-02 

z.wE-02 

Z.cm-02 

Z.OOB-02 

Z.OOE-M 

2.cmB-02 

3.OOE-02 

3.OOE-02 

l.8OE01 

2.OoECO2 

9.3OE-02 

,.8OE-01 

1.8OEe01 

LOOE-00 

I .WE-00 

I .3oE-w 

I .wEw 

I.OOE-00 

I .ml?.-00 

I.oOE-M) 

l.OOE-00 

I .WEW 

I mum 

I.oOE-00 

I DOEW 

LOOE-00 

1.WE-ml 

I.oOE-00 

I.OOE-W 

I .wE-00 

I .wE-w 

I.OOE-00 

I .oOE-00 

I mi-00 

I OOECQ 

I .wE-w 

LWECQ 

I .wEw 

I .OOEOo 

I .wE-cm 

I .xmcm 

I .ouE.w 

I .OOE-00 

I .WEW 

I .wE-00 

I .wE.cu 

I .WEW 

I .WB-w 

I .WE-cm 

I .nJE-w 

I.ooE-00 

I .WEW 

I.wEW 

I .wE-w 

I .loEW 

I .xX-al 

I .wE-cm 

I .WEW 

L.ooE-00 

I .wE-w 

L.OOE-00 

I .WE-ml 

I .nlE-w 

L .WE-00 

I .wE-w 

I .wEm 

I .wE-w 

1 .wE-al 

1 .wE-cm 

I .wE-w 

I.OOE-00 

I .WEW 

1 .WEW 

I .wE-cm 

I .wFAm 

I .wE-w 

I .WE-OO 

6.49E05 

3soE-03 

I .46EO3 

I .07EO2 

2.75&02 

2.75E01 

2.92~02 

Z.VOE-03 

9.84E03 

3.89E03 

I .vvB-03 

3.07&03 

2.82E03 

I. 12E-03 

4.788-03 

4.27~.M 

6.4lE-03 

1.13EdZ 

1.61B-02 

6.C.Z02 

4.%EOZ 

7.&a?.-03 

1.6OE.01 

6.19~02 

7.44E.03 

I .73E-02 

I .73E-02 

1.848-02 

4.64E-02 

,.13E-02 

2.75E.02 

J.33E-02 

8.OOB-03 

1.29E-02 

3.5OE-03 

7.46E-02 

3.16B-01 

I .n!xsOl 

3.47E-01 

1.WE42 

6.53B-02 

1.46E.02 

6.6SEO3 

l.ovEO2 

1.m2 

2.32E02 

2.lSE02 

6.22&01 

3.38EM 

8.10~M 

L .39&OI 

I ME-OO 

7.8213-01 

4.2X-02 

4.74P.m 

l.K8!-W 

4.25E-O2 

lS5EOl 

1ssr!-01 

1.71EOI 

7.ME-0, 

8.02E-02 

3.16E01 

8.74E.01 



Table l-2. (continued). 

Functional 
GKIUPS 

Avlm omivors (AV442) 

Mammalian herbivore (Ml21) 

Madim herbivores (MI22) 

Mammalian herbivores 
(MIZZA) 

Pygmy rabbit 

Mammalian hcd%ms (M123) 

Mammalian inseetivom 
(M210) 

Mammalian inscnivores 
(MZIOA) 

PP 

6.2OE0, 

PV 

2.7OE-01 

PS 

l.lOE-0, 

SUF 

*.COE-oo 

ED 

I .wE-oo 6.54E-01 
o.ooE+cm 

O.oOE+OO 

O.OOE+oo 

9.8OE01 

9.37&01 

9.23EOl 

2.OOE-O2 

6.3OE02 

7.7otm2 

I .oOE-00 

I .wmm 

I SUIEOn 

I.OOE%l 

I .sm--00 

I .wE-w 

3.14E01 

3.3oE03 

4.27E-03 

O.COE+IM 

o.cQ- 

9.8oEe01 

9.8OE-01 

9.23E01 

o.cmEtoo 

2.OoEO2 

7.70E02 

z.OoE-02 

I.WE-00 

I .OOE-00 

I .ooE-al 

I .oOEM) 

1.wE-m 

I .cm-00 

4.538-02 

1.51E-02 

I .43&03 

4.04E.01 

8.89E02 

9.03&03 

9.8OE-01 o.rm+oo Z.OOE-02 I .OOE-00 1 .wEw I .43E-O3 4.6%.03 

Tads w&em big-eared 
hat 

Small-footed myofis 

Lmg-eaxd my& 

Mammalian insectivores 
(M222) 

Mammalian emivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores 
(M422A) 

Reptilian insectivores (It222 ) 

Sagebntsh lizard 

Reptilian carnivores (R322) 

9.VOEOI 

9.9oE01 

9.vilE01 

9.76E.01 

9.238-01 

8.C4E01 

8.06E-01 

9.768-01 

9.76E.01 

9.52&01 

O.MIE+‘X 

O.oOE+OO 

O.OOB+Hl 

o.wuM) 

o.wE+w 

I.WEOI 

I .lOE-01 

o.ooE+cm 

O.WEtW 

o.wEIoo 

I .oOEO2 

1 .loEO2 

l.OCE-02 

2.4OE-M 

7.7OE-02 

9.4OEt-02 

9.4OJ5-O2 

2.40!502 

2.4OE02 

4.8OE02 

I.WE-IX 

I.OOE-00 

l.WE-00 

I.OOE-00 

1 .JOE-00 

1 OOE-00 

I .ooEm 

1 .loEW 

I .WE-cm 

I .WEW 

I .wE-w 

I .oOE-OO 

I .WE-w 

I .wE-oo 

I .wE-00 

I .WEW 

I .mE-03 

2.37E-03 

I .&co3 

I .77303 

I .66E-03 

I .66Em 

3.06E03 

2.6OE-01 

5.6OE05 

5.6OE05 

6.80503 

l.lOE-02 

4.6913-03 

6.65%03 

6.C@E-03 

I .78&O, 

1.70~02 

5.05~00 

6.61503 

6.61E-03 

I .5OEO2 

Plants o.ooE+w o.ooEicc KloE-00 I .WEW 1 .WEW 



Dietary composition for omnivores is represented by (PV-PS/2) + (PP-PS/2) + PS = 1 unless PP or 
PV are 10% or less, in which case, PS was subtracted from the greater of the two. Dietary profiles for 
functional groups were based on diets for representative species developed from studies conducted at the 
INEEL and other regional locations (noted on Table I-3). Since most dietary studies report only in terms 
of prey or vegetation material, the dietary fraction comprised of soil was evenly subtracted from prey and 
vegetation fractions of the diet to account for inclusion of ingested soil without exceeding 1. The number 
of individual species comprising prey was not considered; however, the contribution of prey items to 
overall diet was based on relative biomass rather than the most numerous individual components. Dietary 
composition for functionaI groups is represented by the species having the largest PS within that group. 

The values for PS were taken primarily from soil ingestion data presented by Beyer et al. (1994). 
Species for which values were presented in Beyer et al. (1994) sm limited, so soil ingestion values were 
assigned using professional judgement to match dietary habits with species most similar to INBBL 
species. 

Finalized EBSL dietary input values and literature sources for functional groups and individual 
species are presented on Table I-3. Further refinement in the diet of individual species and functional 
groups is beyond the scope of both screening and WAG-level ERA. More detailed dietary models will be 
implemented in the OU lo-04 BRA. 

Table l-3. Summary of EBSL input values and literature sources for dietary parameters (PP. PV and 
PS). 

Functional 
C&UPS PP PV PS PS Model Species’ 

Amphibians (A232) 
Aviaa herbivores (AVlZl) 
Avian herbivores (AV122) 
Avian herbivores (AV132) 
Avian herbivores (AV142) 
Avian herbivores (AV143) 
Trumpeter swan 
Avian insectivores (AVZIO) 
Black tern 
Avian insectivores (AVZlOA) 
Avian insectivores (AV221) 
Avian insectivores (AV222) 
Avian insectivores (AV222A) 
Avian insectivores (AV232) 
Avian insectivores (AV233) 
White-faced ibis 
Avian insectivores (AV241) 
Avian insectivores (AV242) 
Avian carnivores (AV310) 
Northern goshawk 
Peregrine falcon 

9.41E-01 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
9.8OE-01 
7SOE-01 
9.7OE-01 
9.7OE-01 
9.07E-01 
9.07E-01 
8.2OE-01 
82OE-01 
8.9OE-01 
8.20E-01 
8.20E-01 
9.8OE-01 
9.8OE-01 
9.80E-01 

O.OilE+Ol 
9.90E-01 
9.07E-01 
8.20E-01 
9.18E-01 
9.18E-01 
9.18E-01 
O.OOE+OO 
O.OOE+OO 
O.OOE+O+l 
O.oOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOEtOO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

5.9OE-02 
l.OOE-02 
9.30B02 
1.80E-01 
8.20B02 
8.2OE-02 
8.20B02 
2.OOE-02 
2.OOE-02 
3.00E-02 
3.OOE-02 
9.3OE-02 
9.30B02 
1.80E-01 
1.80E-01 
l.lOE-01 
1.8OE-01 
l.lOE-01 
2.00E-02 
2.OOE-02 
2.OOE-02 

Eastern painted turtle 
Estimated 
Wild turkey 
Western sandpiper 
Canada goose 
Canada goose 
Canada goose 
Estimated 
Estimated 
Burrowing owl 
Burrowing owl 
Wild turkey 
Wild turkey 
Western sandpiper 
Western sandpiper 
Western sandpiper 
Western sandpiper 
Wood duck 
Wood duck 
Estimated 
Estimated 
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Table I-3. (continued). 

FUlXtiOllal 
t3OUPS PP PV PS 

Avian carnivores (AV322) 9.8OE-01 
Bald eagle 9.8OE-01 

Ferruginous hawk 9.8OE-01 

Loggerhead shrike 9.8OEOl 

Avian carnivores (AV322A) 9.7OE-01 

Burrowing Owl 9.7OE-01 

Avian carnivores (AV333) 8.2OE-01 

Avian carnivores (AV342) 9.8OE-01 

Avian omnivores (AV422) b 6.27B-01 

Avian omnivores (AV432) b 5.7OE-01 

Avian omnivores (AV433) b 5.7OE-01 

Avian omnivores (AV442) b 6.2OE-01 

Mammalian herbivores (M121) O.OOE+OO 
Mammalian herbivores (M122) O.OOE+OO 

Mammalian herbivores (M122A) O.OOE+OO 

Pygmy rabbit O.OOE+OO 

Mammalian herbivores (M123) O.OOE+OO 

Mammalian insectivor& (M210) 9.80E-01 

Mammalian insectivoresd M210A) 9.80E-01 

Townsend’s western big-eared bat 9.9OE-01 
Small-footed myotis 9.9OE-01 

Long-eared myotis 9.9OE-01 

Mammalian insectivores (M222) 9.76E-01 

Mammalian carnivore (M322) 9.23E-01 

Mammalian omnivorese (M422) 8.06E-01 

Mammalian omnivores” (M422A) 8.06E-01 

Reptilian insectivores (R222 ) 9.76E-01 

Sagebrush lizard 9.76E-01 

Reptilian carnivores (R322) 9.52E-01 

O.OOE+OO 
O.OOE+tX 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

2.80E-01 
2SOE-01 
2.50E-01 

2.70E-01 
9.80E-01 

9.37E-01 

9.23E-01 
9.8OE-01 
9.23E-01 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.COE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

l.OOE-01 
l.OOE-01 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

2.OOE-02 
2.oOE-02 
2.oOE-02 

2.OOE-02 
3.OOE-02 

3.OOE-02 

1.8OE-01 
2.OOE-02 

9.3OE-02 
1.8OE-01 
1.8OE-01 

l.lOE-01 
2.OOE-02 

6.3OE-02 
7.7OE-02 

2.OOE-02 
7.7OE-02 
2.00E-02 

2.OOE-02 
1 .OOE-02 

l.OOE-02 
LOOE-02 
2.4OE-02 

7.70E-02 
9.40B02 

9.40E-02 
2.4OE-02 

2.4OE-02 
4.8OE-02 

PS Model Species’ 

Estimated 
Estimated 
Estimated 

Estim&ed 
Burrowing owl 

Burrowing owl 

Western sandpiper 
NOT MODELED 

Wild turkey 
Western sandpiper 
Western sandpiper 

Wood duck 
Mule deer 

Black-tailed jaclaabbitc 
Black-tailed prairie dog 

Black-tailed prairie dog 
Black-tailed prairie dog 
Beetle specialist 

Beetle specialist 
Moth specialist 
Moth specialist 

Beetle specialist 
Meadow vole 

Black-tailed prairie dog 
Raccoon 

Fox 
Meadow vole 
Meadow vole 

Fox plus 2% 

a. From Bcycr et al., 1994 unlas orbuviise noted. 

b. Dietary composition percent pny and precnt vcgctation based on ati models from EPA 1993. 

c. Arthur and Gates 1988. 
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l-2.2 Body Weight 

Body weights (BWs) for mammals, amphibians, and reptiles were extracted from numerous local 
and regional studies. Body weights for birds were taken primarily from Dunning (1993) unless local or 
regional values were available. Values were chosen in order of preference for study locale: (1) INEEL, 
(2) Idaho, (3) Regional (sagebrush steppe in Washington, Oregon, Wyoming, Nevada and northern Utah), 
and (4) U.S.-wide. Where no distinction in sex was reported, mean adult weights were used. In cases 
where only separate means for male and female were reported, the average of the two was calculated. In 
cases where only a range in weights could be found, a median value was used. Functional group weight 
represents the smallest individual species body weight in the group. Finalized body weights for 
functional groups and individual EBSL calculations and literature sources are given on Table I-4. 

l-2.3 Food and Water Ingestion Rates (IR, WI) 

Food/prey ingestion rates (IR) for most INBEL species were calculated using allometric equations 
given in Nagy (1987). Food intake rates (grams dry weight per day) for passerine birds, nonpasserine 
birds, rodents, herbivores, all other mammals, and insectivorous reptiles were estimated using the 
following allometric equations (Nagy 1987). 

Food intake rate = 0.398 Bwao (passe&m) 

Food intake rate = 1.110 Bp”j (desert birds) 

Food intake rate = 0.648 BH@” (ail birds) 

Food intake rate = 0.583 BM@” (rodents) 

Food intake rate = 0.577 B@“7(mammlian herbivores) 

Table l-4. Summary of EBSL body weight input values. 
Functional 

Groups :z Representative Species 

(I-23) 

(I-24) 

(I-25) 

(I-26) 

(I-27) 

Reference 

Amphibians (A2321 

Avian herbivores (AVlZl) 

Avian herbivores (AV122) 

Avian herbivores (AV132) 

Avian herbivores (AV142) 

Avian herbivores (AV143) 

Trumpeter swan 
Avian insectivores (AVZIO) 

Black tern 

Avian insectivores (AVZIOA) 

Atian insectivores (AV221) 
Avian insectivores (AV222) 

Avian insectivores (AV222A) 
Avian insectivores (AV232) 

Atian insectivores (AV233) 
White-faced ibis 

E.oOE-03 

1.29B02 

3.50303 

7.46%02 
3.16E.01 

3.47E01 

1.09E+Ol 

1 .IOE-02 

6.53E.02 
1.468-02 

6.65B03 

1.09&M 
l .KIE-02 

2.32502 
2.15B-02 

6.22B01 

Boreal chorus frog 

American goldfinch 

Rufous hummingbird 

son 
Green-winged teal 

Cinnamon teal 

Trumpter swan 

Western flycatcher 
Black tern 

Bank swallow 

Ruby-crowal kinglet 

House wren 
canyon well 

Least sandpiper 
Will.5 

White-faced ibis 

Steenhof 1983 (calculated from SVL’ for 
spadefoot toads - 0.6 SVL) 

Dunning 1993 (mean adult) 

Dunning 1993 (meen adult) 

Dunning 1993 (mean adult) 
Steenhof 1983 (mean adult) 

Sfemhof 1983 (mean adult) 

Dunning 1993 (mean adult) 

Dunning 1993 (mean adult) 
Dunning 1993 (mean adult) 

Dunning 1993 (mean adult) 

Dunning 1993 (mean adult) 
Dunning 1993 (mean adult) 

Steenhof 1983 (mean adult) 
Dunning 1993 (mean adult) 

Dunning 1993 (mean adult) 

Dunning 1993 (mean adult) 
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Table l-4. (continued). 

FUnCtiOnal 
Groups 

BW 
no Representative Species Refexence 

Avian insectivores (AV241) 

Avian insectivores (AV242) 

Avian carnivores (AV310) 

Nonhem goshawk 
Peregrine falcon 

Avian camivores (AV322) 

Bald’esgle 

Ferqinous hawk 

Loggerhead shrike 

Avian carnivores (AV322A) 

Burrowing Owl 

Avian carnivores (AV333) 
Avian camivores (AV342) 

Avian omnivores (AV422) 

Avian omnivores (AV432) 

Avian omnivores (AV433) 

Avian omnivores (AV442) 

Mammalian herbivores (M121) 

Mammalian herbivores (M122) 

Mammalian herbivores 
(Ml22A) 

Pygmy rabbit 

Mammalian herbivores (Ml231 

Mammalian insectivores 
(M210) 

Mammalian insectivores 
(MZlOA) 

Townsend’s western big-eared 
bat 

Small-footed myotis 
Long-eared myotis 

Mammalian insectivores 
(M222) 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores 
(M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

8.1OE02 Lesser yellowlegs Dunning 1993 (mean adult) 
2.12E-01 Bonnpane’s gull Dunning 1993 (mean adult) 
1.39E-01 Sharp-shinned hawk Dtmning 1993 (mean adult) 

1.05EcO Nordmn goshawk DuMing 1993 (mean adult) 
7.82301 Peregrine falcon Dunning 1993 (mean adult) 
4.25EOZ Loggerhead shrike Fraser and Luukkonen 1986 (mean adult) 
4.74E-00 Bald eagle Dunning 1993 (mean adult) 

l . lOE-00 Fermginous hawk Steenhof 1993 (mean adult) 

4.25E-02 Loggerhead shrike Fraser and Luukkonen 1986 (mean adult) 

1.55E.01 Bumwing owl Dunning 1993 (mean adult) 

1.55E-01 Burrowing owl Dunning 1993 (mean adult) 

1.71E-01 Greater yellowlegs Dunning 1993 (mean adult) 

7.06E.01 American bittern Dunning 1993 (mean adult) 
8.02E.02 Scrub jay Dunning 1993 (mean adult) 
3.16E.01 American avwet Dunning 1993 (mean adult) 

8.74E-01 Great egret Dunning 1993 (mean adult) 

6.54501 American cent Steenhof 1983 (mean adult 

5.80E-00 American porcupine Steenhof 1983 (mean adult) 

1 .lOE-02 Western harvest mause Steenhof 1983 (mean adult) 

1.578-02 Sagebrush vole Mullican 1985 (median adult) 

4.04E-01 Pygmy rabbit Arthur and Markham 1978 (mean adult) 

8.89E-02 Northern pocket gopher Wakely 1978 (mean adult) 

9.03303 Silver-haired bat Barclay et al. 1988 (mean adult) 

4.65E-03 California myotis Black 1974 (mean adult) 

1.1 OE-02 

4.69503 
6.658-03 

6.COE-03 

1.7aE-01 Long-tailed weasel Steenhof 1983 (mean adult) 

1.70E-02 House nwuse BUII and Gmssenhdder 1980 (median adult) 

5.05E-00 Red fox Lindstedt et al. 1986 (mean adult) 

6.61B03 Sagebrush lizard Bud&older 1978 (mean adult) 

6.61E.03 Sagebrush lizard Bud&older 1978 (mean adult) 

l.SOE-02 Night snake Steenhof 1983 (mean adult) 

Townsend’s western big- 
eared bat 
Small-footed myotis 

Lung-eared myotis 
Merriam’s shrew 

Burt and Grossenheidcr 1980 (median adult) 

Barclay et al. 1988 (mean adult) 

Barclay et al. 1988 (mem adult) 

Steenhof 1983 (mean adult) 

a. SVL. = EnOYt to “em length. 
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Food intake rate = 0.235 Bppz2 (all other mammals) 

Food intake rate = 0.15 B@B74 (desert mammals) 

Food intake rate = 0.013 Bw7”(reptilian insectivores) 

where BW = body weight in grams. 

(I-28) 

(I-29) 

(I-30) 

The original equation (Nagy 1987) for rodents (I-26) has been modified slightly based on reporting 
errors discovered in that report. An equation for ingestion rates for carnivorous reptiles (R322) was 
constructed using data reported by Diller and Johnson (1988). 

Food intake rate = 0.01 BW’.6 (carnivorous reptiles) 

where BW = body weight in kilograms 

(I-31) 

These equations were applied to estimate the ingestion rate (g dry weight/day) as a function of 
body weight (see Section I-2.2). The application of individual equations for species and groups varies 
according to taxonomic Class and/or Order and in some cases, on habitat (e.g., aquatic species). In cases 
where more than one of Nagy’s (1987) equations could be applied to a functional group, such as all 
mammaIs or desert rodents, the larger of the two rates was applied. For functional groups in which mixed 
species occur, intake rates were calculated using the most representative or generic equation returning the 
largest IR. Finalized ingestion rates for functional groups and individual species are presented in 
Table I-5. 

A cursory comparison of food ingestion values generated using Nagy’s (1987) equations to a few 
experimental values from the literature indicate that the equations may substantially underestimate 
ingestion rates for some species. 

i-2.4 Exposure Duration 

Exposure duration (ED) represents the fraction of year an animal spends in the affected area. 
Because EBSL screening values were designed to be conservative, ED was assumed to be 1 for all 
receptors, assuming 100% of their time is spent in the assessment area. 

i-2.5 Site Use Factor 

The site use factor (SUF) represents the proportion of a species home range that overlaps the area 
of contamination. An SUF of 1 indicates that the home range is less than or equal to the area of 
contaminant exposure. For EBSL screening, the SUF was assumed to be 1 (100% use occurs in the area 
of contamination) for all groups and species (see VanHom et al. 1995). 

l-2.6 Bioaccumulation Factors 

The uptake of contaminants in the terrestrial food chain is important for realistically calculating 
exposure to contamination. These contaminant-specific factors are referred to in the literature as uptake 
factors or plant uptake factors (PUPS) for plants and food-chain transfer coefficients or factors for 
wildlife. The PUF is the plant tissue concentration of the contaminant divided by the soil or sediment 
concentration. The food-chain transfer factor is the animal tissue concentration of a contaminant divided 
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Table l-5. Summary of EBSL input values and equations for calculation of food ingestion for groups 
and individuals. 

FUXbXld 
Groups 

NW 
(kg&) Equation 

Amphibians (A232) 6.49E-05 

Avian herbivores (AV121) 3.5OE-03 

Avian herbivores (AV122) 1.46B03 

Avian herbivores (AV132) l.O7E-02 

Avian herbivores (AV142) 2.75E-02 

Trumpeter swan 2.75E-01 

Avian herbivores (AV143) 2.92E-02 

Avian insectivores (AV210) 2.9OE-03 

Black tern 9.84E-03 

Avian insectivores (AV210A) 3.89E-03 

Avian insectivores (AV221) 1.99E03 

Avian insectivores (AV222) 3.07E-03 

Avian insectivores (AV222A) 2.82B03 

Avian insectivores (AV232) l.l2E-03 

Avian insectivores (AV233) 4.78E-03 

White-faced ibis 4.27E-02 

Avian insectivores (AV241) 6.41E-03 

Aviaa insectivores (AV242) l.l3E-02 

Avian carnivores (AV310) 1.61E-02 

Northern goshawk 6.OOE-02 

Peregrine falcon 4.96E-02 

Avian carnivores (AV322) 7.44E-03 

Bald eagle 1.6OE-01 

Ferruginous hawk 6.19E-02 

Loggerhead shrike 7.44B03 

Avian carnivores (AV322A) 1.73E-02 

Burrowing Owl 1.73E-02 

Avian carnivores (AV333) 1.84E-02 

Avian carnivores (AV342) 464E-02 

Avian omnivores (AV422) l.l3E-02 

Avian omnivores (AV432) 2.75E-02 

Avian omnivores (AV433) 533E-02 

Avian omnivores (AV442) 4.41E-02 

Mammalian herbivores (Ml21) 3.14E-01 

Mammalian herbivores (M122) 3.3OE-03 

Reptile insectivores 

Passerines 

All birds 

All bids 

All biis 

All bids 

All bids 

All birds 

All birds 

Pa?.serines 

Passerines 

All birds 

P&WXiUeS 

All birds 

All birds 

All birds 

All birds 

All bids 

All birds 

All bids 

All bids 

All birds 

All birds 

All birds 

All birds 

All birds 

All bids 

All biis 

All birds 

All birds 

All birds 

All bids 

All birds 

Mammal herbivore 

Mammal herbivore 
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Table l-5. (continued). 
Functional 

Groups 
Mammalian herbivores (M122A) 
Pygmy rabbit 
Mammalian herbivores (M123) 
Mammalian insectivores (M210) 
Mammalian insectivores (M21OA) 
Townsend’s western big-eared bat 
Small-footed myotis 
Long-eared myotis 
Mammalian insectivores (M222) 
Mammalian carnivore (M322) 
Mammalian omnivores (M422) 
Mammalian omnivores (M422A) 
Reptilian insectivores (R222 ) 
Sagebrush lizard 
Reptilian carnivores (R322) 

a.. Dillcr and Johnson 1988. 

m WY 
(kg/day) Equation 
4.27E-03 Mammal herbivore 
4.53E-02 Mammal herbivore 
1.5 lE-02 All manunals 
1.43B03 Rodents 
1.43E-03 Rodents 
2.37E-03 Rodents 
1.44E-03 Rodents 
1.77E-03 Rodents 
1.66E-03 Rodents 
1.66E-02 All manunals 
3.06E-03 Rodents 
2.6OE-01 All mammals 
5.6OE-05 Reptile insectivores 
5.6OE-05 Reptile insectivores 
6.8OE-03 Literature value’ 

by the concentration in its food. To estimate the tissue levels of contaminants in prey, the PUF was 
multiplied by the transfer factors to derive a “bioaccumulation factor” (BAF), which is the concentration 
of a contaminant in the tissues of an animal divided by the soil or sediment concentration. The BAF 
account8 for all ingestion exposure routes. For example, the BAF for a herbivorous small mammal is the 
PUF times the plant-to-herbivore transfer coefficient. Multiplying the small mammal BAF times the 
concentration of a contaminant in soil provides an estimate of the tissue levels of the contaminant in small 
mammals. This tissue level may then be used to estimate exposure for the carnivore/omnivore functional 
group8 that are predators of small mammals. 

Appendix H contains discussions of the BAFs and PUFs developed for the INEBL and used in the 
ERAS, respectively. For use in the calculation of screening level values and EBSLs, these values were 
defaulted to 1 .O if not greater. 

There is a great deal of uncertainty associated with using BAFs and PUFs to calculate dose. Very 
limited values are available in the scientific literature, since they mu8t be both contaminant- and receptor- 
specific. In the absence of specific BAF or PUF, a vahre of 1 was assumed. This assumption could over- 
or underestimate the true dose from the contaminant, and the magnitude of error cannot be quantified. 
Travis and Arms (1988) and Baes et al. (1984) report BAFs for contaminants to beef and milk, all of these 
are less than 1 for the contaminants at the EiBEL If the terrestrial receptor8 of concern accumulate 
metals and PCBs in a similar way and to a comparable degree as beef and dairy cattle, the use of a BAF 
of 1 for all contaminants and receptors would overestimate the dose. On the other hand, if the terrestrial 
receptors of concern at EWEL accumulate metals and PCBs to a much larger degree than beef and dairy 
cattle, the assumption of BAFs equal to 1 could underestimate the true dose from the COP&. This same 
logic is true of PUFs. 
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l-3. TOXICITY REFERENCE VALUES 

The exposure modeled using the equations presented previous is then divided by a toxicity 
reference value (TRV) developed for each COFC/=ptor combination to produce an HQ. For EBSL 
development the TRV provides the value used to calculate acceptable levels below which no adverse 
effect should be observed. A TRV is defined as a contaminant concentration or dose for a receptor that is 
likely to be without appreciable risk of adverse effects from chronic exposure. TRV development is a 
complicated process and is documented in Appendix G. 

l-4. SUMMARY AND EBSLS PRESENTATION 

In summary, the EBSLs for radionuclides are presented in Table I-6. First the lowest EBSLs 
calculated for all specie8 and functional groups was selected for both the internal and external dose. From 
these values the lowest EBSLs from either the internal or external dose was used in the selection of the 
final EBSL for the radionuclide. The EBSLs for nonradionuclides is presented in Table I-7. The lowest 
EBSLs calculated for all species and functional groups was selected for the nonradionuclide. The EBSLs 
calculated for all species and functional groups is presented in Attachment EBSL. These EBSLs are 
applicable to terrestrial sites at the INEEL; but are site specific and should be used with caution at other 
sites. 

Table l-6. Overall minimum EBSLs in soil for radionuclide dose (pCi/g). 
External Dose Internal Dose 

Radionuclide Minimum EBSL Minimum EBSL 
Ag-108m 1.82E+O3 4.01E+03 
Am-24 1 1.32E+O5 1.78E+Ol 
Co-58 3.66E+03 7.17E+O3 
Co-60 l.l8E+03 2.3OE+O3 
cs-137 4.95E+O3 5.58E+O3 
Eu-1.52 2.27E+O3 2.18E+O3 
Eu-154 2.48E+O3 3.31E+O3 
Pu-238 l.O6E+08 1.78E+Ol 
Pu-239 5.21E+O7 1.89E+Ol 
Ra-226 4.83E+O5 2.04E+Ol 
Sr-90 NA 3.34E+O3 
Th-228 1.51E+O6 l.SlE+Ol 
Th-230 7.76E+O6 2.09E+Ol 
Th-232 1.81E+07 2.43E+Ol 
Tl-204 NA 8.21E+03 
Tl-208 
U-234 1.98E+O7 2.05E+Ol 
U-238 8.5OE+O7 2.32E+Ol 

Overall 
Minimum EBSL 

1.82E-t-03 
1.78E+Ol 
3.66E+O3 
l.l8E+03 
4.95E+O3 
2.18E+O3 
2.48E+O3 
1.78E+Ol 
1.89E+Ol 
2.04E+Ol 
3.34E+O3 
1.81E+Ol 
2.09E+Ol 
2.43E+Ol 
8.21E+03 

2.05E+Ol 
2.32E+Ol 
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Table l-7. Minimum EBSL for nonradionuclide contaminants (mg/kg). 

Contaminant Minimum BBSL 

l,l,l-Trichloroethane 4.08E+O2 
2-Butanone 1.91E+Ol 
4-Chloroaniline 5.35E-01 
Acetone 2.78E-01 
Aluminum 4.27E+OO 
Antimony 7.47E-01 
Aroclor-1254 1.43B02 
Arsenic 8.76E-01 
Barium 9.74E-02 

Benzene 5.5OE+OO 
Benzo(a)pyrene 3.25E-02 
Beryllium 7.34E-01 
Cadmium 2.36E-03 
Carbon disultide 5.91E-01 
Chromium(III) 3.25E+OO 

Chromium(W) 1.62E-01 
Cobalt 4.54E-01 

Copper 2.11E+OO 
Di-2ethylhexylphthalate 2.56E+OO 
Di-n-octylphthalate 4.73E+Ol 
Ethylbenzene 2.76E+Ol 

Pluoranthene 
Fluoride 

Lead 

Magnesium 
Manganese 

Mercury 
Methylene chloride 
Methyl isobutyl ketone 

Nickel 
Nitrate 
Phenol 
Potassium 

Py rene 

1.69E+OQ 
3.11E+OO 
7.17E-02 

2.3OE+OO 

1.41E+Ol 
6.13E-03 
4.27E-01 

3.38E+Ol 
2.69E+OO 
3.20E+Ol 
6.33E+OO 
4.3OE+O3 
2.03E+Ol 
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Table l-7. (continued). 

Contaminant 
Selenium 

Silver 

Sulfate 

Tetrachloroethylene 
Thallium 
Tin 

Toluene 

Uranium 
Vanadium 

Xylene 
Zinc 

Minimum EBSL 

8.1 lE-02 

1.35E+OO 

1.72E+Ol 

1.62E+OO 
l.l7E-01 

3.73E+OO 

3.02E+Ol 
4.37E-01 

2.55E-01 

2.78E-01 

6.37E+OO 

l-5. EXPOSURE MODEL INPUT VALUES 

The following guidelines specify the report sections and tables in which (1) ERA exposure 
equations and (2) input values applied to produce WAG 5 ERA dose calculations and hazard quotients 
may be found. 

Exposure Calculations for Nonradiological Contaminants - Equation I-32 

where 

EE,, = 

PP = 

CP = 

PV = 

cv = 

PS = 

cs = 

(I-32) 

estimated exposure from all complete exposure pathways (mgkg body weight-day) 

percentage of diet represented by prey ingested (unitless) (see Table I-8) 

concentration of contaminant in prey item ingested (mg/kg) (see Equation I-33 below) 

percentage of diet represented by vegetation ingested (unitless) (see Table I-8) 

concentration of contaminant in vegetation ingested (mg/kg) (see Equation I-34 
below) 

percentage of diet represented by soil ingested (unitless) (see Table I-8) 

concentration of contaminant in soil ingested (mgkg) (see Appendix B, summarized 
in Table 7-18) 
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IR = 

ED = 

BW = 

SUF = 

ingestion rate (kg/day), food intake rate (g/day) divided by 1,000 g/kg (see Table I-8) 

exposure duration (fraction of year spent in the affected area) (unitless) (see Table I-8) 

receptor-specific body weight (kg) (see Table I-8) 

site usage factor (site area on Table 7-17 divided by home range on Table I-8; cannot 
exceed 1) (unitless). 

The concentration of contaminant in prey can be estimated using Equation I-35: 

CP = CS xBAF (I-33) 

CP = concentration in prey ingested (m&g) 

cs = concentration of contaminant in soil (mg/kg) (see Appendix B, summarr ‘xed in 
Table 7-18) 

BAF = contaminant-specific bioaccumulation factor (unitless) (see Table I-9). 

CV = CS x PUF 

cv = 

cs = 

concentration in vegetation (mg/kg) 

concentration of contaminant in soil (mg/kg) (see Appendix B, summarized in 
Table 7-18) 

PCJF = contaminant-specific plant uptake factor (unitless) (see Table I-9). 

The algorithm used for developing a TRV is from Equation I-35: 

TRV =g 

where 

(I-34) 

(I-35) 

QCE = 

AF = 

quantified critical exposure level (unitless) (see Appendix G) 

[II x [RI x [QI] x [Qzl x [Qr] x [III x l?vI] (unitless) (see Appendix G). 

I-23 



l-6. CALCULATED DOSE AND HAZARD QUOTIENTS 

Table l-8. Calculated dose and hazard quotient from nonradionuclides (mg/kgd) at AR4-01. 

Concentrations AlItitNny Arsenic CadIlliUm chromiurn(lll) 
Concennation in surface soil (tngikg) 1.68E+Ol 2.21E+Ol 3.8OE+OO 6.9OE+Ol 
Concenmdion in subsurface soil 4.70E+OO 2.21E+Ol 1.9OE+OO 2.85E+Ol 
b-@b) 
Maximum concentration (mg/kg) 1.68E+Ol 2.21E+Ol 3.80E+OO 6.9OE+Ol 
Water concentration (mg!L) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Dose 
OWksd) 

Functional groups Antimony Arsenic Cadmium Chromium(lIl) 
Amphibians (A232) 

Avian herbivores (AV121) 

Avian herbivores (AV122) 
Avian insectivores (AV210) 
Black tern 

Avian insectivores (AVZlOA) 
Avian insectivores (AV221) 
Avian insectivores (AV222) 

Avian insectivores (AV222A) 

Avian carnivores (AV310) 
Northern goshawk 

Peregrine falcon 
Aviaa carnivores (AV322) 

Bald eagle 
Ferruginous hawk 

Loggerhead shrike 
Avian carnivores (AV322A) 
Burrowing Owl 

Avian omnivores (AV422) 
Mammalian herbivores (M121) 

Mammalian herbivores (M122) 
Mammalian herbivores (M122A) 
Pygmy rabbit 
Mammalian herbivores (M123) 
Mammalian insectivores (M210) 
Mammalian insectivores (M210A) 

Townsend’s western big-eared bat 
Small-footed myotis 

1.3OE-01 

1.48E-03 
1.79E-02 
1 .JOE-01 

1.68B02 
3.28E-01 

2.88E+oO 
3.13E+OO 

2.04E+OO 
3.06E-05 

3.86E-06 
2.75E-05 

1.12E-03 
9.84E-07 

3.76E-06 
1.43E-03 
5.01E-04 

S.OlE-04 
3.81&02 
156E-04 

1.83E-01 
4.34E-01 
7.46B02 
2.72E-01 
l.O9E-01 

5.74E-01 
4.04E-01 
5.76E-01 

1.79E-01 

4.28E-03 
6.89B02 

1.48E-01 
2.97E-02 
4.78E-01 

4.3OE+CO 
4.89E+OO 

2.95E+CKl 
2.07E-04 

2.62E-05 
1.87E-04 

7.60E-03 
6.68B06 

2.55E-05 
9.73E-03 
1.27E-03 

1.27B03 
6.15B02 
4.81B04 

6.66E-01 
6.82E-01 
1.47E-01 
4.27E-01 
1.61E-01 

851E-01 
5.95E-01 
8.48E-01 

2.99E-02 
8.16E-03 

5.OOE-02 
2.78E-02 

4.85E-03 
9.01E-02 
8.01E-01 

8.78E-01 
5.53E-01 

l.l3E-03 
1.43E-04 

l.O2E-03 
4.13E-02 

3.63B05 
1.39E-04 

5.29E-02 
5.92E-03 
5.92B03 
2.01E-02 

767B04 
6.23B01 

6.02E-01 
2.38E-01 
3.77B01 
3.02E-02 
1.59E-01 
l.l2E-01 
1.59E-01 

5.4OE-01 

3.12E-03 
7.53E-02 
3.1 lE-02 

1.37B02 
1.32E-01 
9.48E-01 

1.42E+OO 

1.36E+OO 
2.24E-03 
2.82E-04 

2.OlE-03 

8.19E-02 
7.2OE-05 
2.75E-04 

l.O5E-01 
1.29E-02 
1.29E02 
4.36E-02 

3.96E-04 
6.84B01 

1.57E+OO 
2.12E-01 
9.81E-01 
3.38E-02 
1.78E-01 
l.l8E-01 
1.68E-01 

Long-eared myotis 4.95E-01 7.33E-01 1.37E-01 1.54E-01 
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Table l-8. (~~ntitt~ed). 

Functional groups 

Mammalian insectivores (M222) 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Plants 

Functional groups 

Antimony 

4.2OE+OO 

2.98B03 

1.03Ei.00 

1.3OE-02 

1.28E-01 

1.28E-01 

4.07E-02 

3.36E-01 

Antimony 

Dose 
Ow&t-d) 

Arsenic Cadmium 

6.13E+OO l.l6E+Oa 

5.4OE-03 1.49E-02 

1.49E+OO 4.75E-01 

2.05E-02 6.36B03 

1.87E-01 3.53E-02 

1.87E-01 3.53E-02 

8.58E-02 3.18E-01 

8.84E-01 2.09E+OO 

Hazard Quotient 
(unitless) 

Arsenic Cadmium 

Chromium(IlI) 

1.58E+OO 

3.87E-02 

1.32E+OO 

1.42E-02 

4.82E-02 

4.82E-02 

7.42E-01 

5.18E-01 

Chromium(IlI) 
Amphibians (A232) 

Avian herbivores (AV121) 

Avian herbivores (AV122) 
Avian insectivores (AV210) 
Black tern 

Avian insectivores (AV2lOA) 
Avian insectivores (AV221) 

Avian insectivores (AV222) 
Avian insectivores (AV222A) 

Avian carnivores (AV3 10) 
Northern goshawk 
Peregrine falcon 

Avian carnivores (AV322) 
Bald eagle 
Ferruginous hawk 

Loggerhead sbrike 
Avian carnivores (AV322A) 

Burrowing Owl 
Avian omnivores (AV422) 

Mammalian herbivores (M121) 
Mammalian herbivores (M122) 
Mammalian herbivores (M122A) 
Pygmy rabbit 

Mammalian herbivores (M123) 
Mammalian insectivores (M210) 

NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

4.E-04 
4.E-01 
l.E+OO 
2.E-01 
6.E-01 
3.E-01 

NA NA 
7.E-03 5.G01 
l.E-01 3.E+OO 
2.E-01 2.E+OQ 
2.E-02 4.E-01 
S.E-01 8.E+CQ 
7.E+OO 7.E+Ol 
8.EcOO 7.E+Ol 

5.EcOO 5.E+Ol 
5.E-04 9.E-02 
6.E-05 1 .E-02 

5.E-04 S.E-02 
2.E-02 3.E+OO 

2.E-05 3.E-03 
6.E-05 1 .E-02 
2.E-02 4.EcOO 
3.E-03 5.E-01 
3.E-03 5.E-01 
2.E-01 7.E-02 

2.E-03 1 .E+OO 
2.E+OO 8.E+O2 
3.E+OO 8.E+02 
5.E-01 3.E+O2 
2.E+OO 5.E+02 
6.E-01 4.E+Ol 

NA 
2.E-03 

6.E-02 
2.E-02 
1 .E-02 
l.E-01 

7.E-01 
1 .E+OO 

1 .E+OO 

2.E-03 
2.E-04 
1 .E-03 

6.E-02 
5.E-05 
2.E-04 
8.E-02 

9.E-03 
9x-03 

2.E02 
2.E-06 
3.E-03 

6.E-03 
8.E-04 
4.E-03 
l.E-04 

Mammalian insectivores (M210A) 1 .E+OO 3.E+OO 2.E+02 7.E-04 
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Table l-8. (continued). 

Hazard Quotient 
(unitless) 

s Functional ou s CadUliUm chromium(IIl 

Townsend’s western big-eared bat 1 .E+OO 2.E+OO 1 .E+O2 5.E-04 
Small-footed myotis l.E+OO 3.E+00 2.E+O2 7.E-04 
Long-eared myotis 1 .E+OO 3.E+OO 2.E+02 6.E-04 
Mammalian insectivores (M222) l.E+Ol 2.EcOl 1 .E+03 6.E-03 
Mammalian carnivore (M322) 7.E-03 2.E.02 2.E+Ol 2.E-04 
Mammalian omnivores (M422) 2.E+OO 4.E+OO 5.E+02 4.E-03 

Mammalian omnivores (M422A) 2.E-02 6.E-02 6.E+OO 4.E-05 

Reptilian insectivores (R222 ) NA NA NA NA 

Sagebrush lizard NA NA NA NA 

Reptilian carnivores (R322) NA NA NA NA 

Plants 7.E-02 9.E-02 7.E-01 5.E-01 

CO~C~~&%tiOllS Copper 

Concentration in surface soil 2.55E+Ol 
b&g) 
Concentration in subsurface soil l.llE+Ol 
@wW 
Maximum concentration (mgikg) 2.55E+Ol 
Water concentration (mg/L) O.OOE+OO 

Lead 

2.53E+Ol 

2.76E+Ol 

2.76E+Ol 
O.OOE+OO 

Selenium 

2.77E+Ol 

O.OOE+OO 

2.77E+Ol 
O.OOE+OO 

DO% 

Silver 

1.27E+Ol 

7.80E+OO 

1.27E+Ol 

O.OOE+OO 

Thallium 

3.73E+Ol 

3.58E+Ol 

3.73E+Ol 
O.OOE+OG 

Functional groups Copper Lead Selenium Silver Thallium 
Amphibians (A232) 
Avian herbivores (AV121) 

Avian herbivores (AV122) 
Avian insectivores (AV210) 

Black tern 
Avian insectivores (AVZIOA) 

Avian insectivores (AV221) 
Avian insectivores (AV222) 

Avian insectivores (AV222A) 
Avian carnivores (AV3 10) 
Northern goshawk 
Peregrine falcon 
Avian carnivores (AV322) 
Bald eagle 

2.OOE-01 
3.99E-02 
2.48E-01 

1.69E-01 
2.94&02 

5.51E-01 
4.88E+OO 

5.34E+OO 
3.4OE+OO 
8.28E-04 
l.O5E-04 
7.46E-04 
3.03E-02 
2.67E-05 

2.24E-01 

5.88E-03 
8.91B02 
5.82E-02 

1.76E-02 

1.92E-01 
1.72E+OO 
2.23E+OO 

1.34E+OO 
2.66E-03 
3.36E-04 
2.40B03 
9.75E-02 
8.57E-05 

2.1 lE-01 

2.68E-03 
1.52E-02 

1.82E-01 
2.79E-02 

5.99E-01 
5.23E+OO 

5.56E+OO 
3.69E+OO 
l.OSE-04 
1.36E-05 
9.7OE-05 
3.94E-03 
3.46E-06 

l.OlE-01 3.02E-01 
2.oOE-02 1.98E-03 
1.29E-01 8.36E-02 
8.47B02 2.5OE-01 
1.54E-02 4.96E-02 
2.75E-01 8.06s01 
2.44E+OO 7.25E+OO 
2.71E+O+3 8.22E+OO 
1.69E+OO 4.98E+OO 
8.14E-04 1.37B04 
l.O3E-04 1.73B05 
7.34E-04 1.23E-04 
2.98B02 5.01E-03 
2.62E-05 4.4OE-06 

Ferruginous hawk l.O2E-04 3.27B04 1.32E-05 1 .OOE-04 1.68E-05 
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Table l-8. (continued). 

Functional groups Copper Lead Silver Thallium 
Loggerhead shrike 
Avian carnivores (AV322A) 

Burrowing Owl 
Avian omnivores (AV422) 
Mammalian herbivores (M121) 

Mammalian herbivores (M122) 

Mammalian herbivores (Ml22A) 
Pygmy rabbit 
Mammalian herbivores 011123) 

Mammalian insectivores (M210) 
Mammalian insectivores 
(M210A) 

Townsend’s western big-eared 
bat 
Small-footed myotis 

Long-eared myotis 
Mammalian insectivores (M222) 

Mammalian carnivore (M322) 
Mammalian omnivores (M422) 
Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 
Sagebrush lizard 

Reptilian carnivores (R322) 

3.88E-02 1.25E-01 
4.75E-03 1.41E-02 
4.75&03 1.41E-02 

7.57E-02 5.06E-02 
3.76E-03 6.50E-04 

3.08E+OO 8.7OE-01 
3.08E+OO 8.86E-01 
l.lSE+OO 1.98E-01 
1.93E+OO 5.54E-01 
1.84E-01 6.33E-02 
9.70E-01 3.34B01 

6.83B01 

9.73B01 
8.37B01 

7.07E+OO 
1.43E-02 

1.78E+OO 
2.32E-02 
2.16E-01 

2.16E-01 
2.74E-01 

2.28B01 

3.25E-01 

2.88E-01 
2.42E+OO 
3.74E-02 

1.2OE+Oil 
1.65B02 
7.40E-02 

7.4OE-02 
7.71E-01 

5.05E-03 
1.25E03 

1.25E-03 
6.69E-02 
2.49B04 

1.95E-01 
7.51E-01 

1.38E-01 
4.7OE-01 

1.98E-01 
l.O4E+OO 

7.38E-01 

l.O5E+OO 
9.OlE-01 

7.68E+OO 
5.95B03 

1.86E+@O 
2.3OE-02 
2.35E-01 

2.35E-01 
8.97E-02 

3.82-02 
4.42E-03 

4.42E-03 
3.85E-02 

1.89E-03 
1.57E+OCI 

1.53E+OO 
5.87E-01 

9.6OE-01 
9.20E-02 
4.85E-01 

3.41E-01 

4.85E-01 

4.18E-01 
3.52E+OO 

1.22E-02 
8.89E-01 
l . lSE-02 
l.OSE-01 

l.OSE-01 
2.46E-01 

6.41E-03 
l.O5E-03 

l.O5E-03 
l.O2E-01 
3.17E-04 

7.18E-01 
8.15E-01 

l.OOE-01 
5.1OE-01 

2.72E-01 
1.43E.100 

l.OOE+OO 

1.43E+OO 
1.24E+OO 

l.O3E+Ol 
6.46E-03 
2.5OE+OO 
3.43E-02 

3.16E-01 
3.16E-01 

8.72E-02 
Plants 

Functional groups 

Amphibians (A232) 
Avian herbivores (AVl21) 

Avian herbivores (AV122) 
Avian insectivores (AV210) 

Black tern 
Avian insectivores (AVZlOA) 
Avian insectivores (AV221) 
Avian insectivores (AV222) 

Avian insectivores (AV222A) 
Avian carnivores (AV3 10) 

l.O2E+Ol 

Copper 

NA 

1 .E-02 
6.E-02 

4.E-02 
S.E-03 
l.E-01 

1 .E+OO 
1 .E+OO 
9.E-01 
2.E-04 

1.24E+00 6.93E-01 5.08E+OO 1.49E-0 1 
Hazard Quotient 

(witless) 

Lead Magnesium Selenium Silver Thallium 
NA NA NA NA NA 

2.E-01 NA 2.E-02 2.E-02 4.E-02 
3.E+OO NA l.E-01 l.E-01 2.E+OO 
1 .E+OO ,NA 2.E+OQ 7.E-02 5.E+00 
6.E-01 NA 3.E-01 l.E-02 1 .E+OO 
2.E+CKI NA 7.E+CIO 2.E-01 2.E+Ol 
4.E+Ol NA 6.E+01 2.E+OO 1 .E+O2 
6.E+Ol NA 7.E+Ol 2.E+OO 2.E+O2 
3.E+Ol NA 4.E+Ol l.E+OO 1 .E+02 
9.E-02 NA 1 z-03 7.E-04 3.E.03 
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Table l-8. (continued). 

Functional groups Copper L.ead 

Hazard Quotient 
(unitless) 

Magnesium Selenium Silver Thallium 
Northern goshawk 

Peregrine falcon 

Avian carnivores (AV322) 

Bald eagle 

Ferruginous hawk 

Loggerhead shrike 

Avian carnivores (AV322A) 

Burrowing Owl 

Avian omnivores (AV422) 

Mammalian herbivores (Ml2 1) 

Mammalian herbivores (M122) 

Mammalian herbivores (M122A) 

Pygmy rabbit 

Mammalian herbivores (M123) 

Mammalian insectivores (M210) 

Mammalian insectivores 
(MZlOA) 

Townsend’s western big-eared 
bat 

Small-footedmyotis 

Long-eared myotis 

Mammalian insectivores (M222) 

Mammalian carnivore ($4322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

3 .E-05 

2.E-04 

S.E-03 

7.E-06 

3.E-05 

1 .E-02 

1 .E-03 

1 .E-03 

l.E-02 

6.E-03 

5.E+OO 

5.E+OO 

2.E+OO 

3.E+OO 

3.E-01 

1 .E+OO 

1 .E+OO 

1 .E+OO 

1 .E+OO 

l.E+Ol 

7.E-03 

3.E+OO 

4.E-02 

NA 

NA 

NA 

8.B03 NA 

6.E-02 NA 

3.E+OO NA 

3.E-03 NA 

1 .E-02 NA 

4.E+OO NA 

5.E-01 NA 

5.E-01 NA 

2.E+OO NA 

2.E-04 7.E+OO 

3.E-01 5.E+O3 

3.E-01 5.E+03 

7.E-02 2.E+03 

2.E-01 3.E+03 

2.E-02 2.E+02 

l.E-01 1 .E+03 

S.E-02 7.E+02 

l.E-01 

1 .E-01 

9.E-01 

1 .E-02 

3.E-01 

5.E-03 

NA 

NA 

NA 

1 .E+O3 

9.E+02 

S.E+03 

6.E+01 

2.E+O3 

3.E+Ol 

NA 

NA 

NA 

2.E-04 

l.E-03 

5.E-02 

4.E-05 

2.E-04 

6.E-02 

2.E-02 

2.E-02 

3.E+OO 

1 .E-02 

S.E+cO 

3.E+Ol 

6.E+OO 

2.E+Ol 

S.E+OO 

4.E+Ol 

3.E+Ol 

4.E+Ol 

4.E+Ol 

3.E+02 

2.E-01 

5.E+Ol 

6.E-01 

NA 

NA 

NA 

S.E-05 

6.E-04 

2.502 

2.E-05 

S.E-05 

3.E-02 

4.E-03 

4.E-03 

2.E-02 

1 .I%04 

l.E-01 

l.E-01 

4.E-02 

7.E-02 

7.E-03 

4.E-02 

3.E-02 

4.E-02 

3.E-02 

3.E-01 

9.E-04 

5.E-02 

7.E-04 

NA 

NA 

NA 

3.E04 

2.E-03 

l.E-01 

9.E-05 

3.E-04 

l.E-01 

2.E-02 

2.E-02 

l.E+CO 

S.E-03 

2.E+Ol 

2.E+Ol 

3.E+OO 

l.E+Ol 

7.E+OO 

4.E+Ol 

3.E+Ol 

4.E+Ol 

3.EcOl 

3.E+02 

2.E-01 

4.E+Ol 

6.E-01 

NA 

NA 

NA 

Plants l.E-01 2.E-02 NA NA 3.E+OO l.E-01 
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Table l-8. (continued). 

Concentrations 

Concentration in surface soil (mg/kg) 
Concentration in subsurface soil (n&g) 

Maximum concenhation (m&g) 
Water concentration @g/L) 

Functional groups 

Amphibians (A232) 

Avian herbivores (AV121) 
Avian herbivores (AV122) 
Avian insectivores (AV210) 

Black tern 
Avian insectivores (AV210A) 

Avian insectivores (AV221) 

Avien insectivores (AV222) 
Avien insectivores (AV222A) 

Avian carnivores (AV3 10) 

Northern goshawk 
Peregrine falcon 
Avian carnivores (AV322) 

Bald eagle 
Ferruginous hawk 

Loggerhead shrike 
Avian carnivores (AV322A) 
Burrowing Owl 
Avian omnivores (AV422) 

Mammalian herbivores (M121) 

Mammalian herbivores (M122) 
Mammalian herbivores (M122A) 
Pygmy rabbit 
Mammalian herbivores (M123) 
Mammalian insectivores (M210) 

Mammalian insectivores (M210A) 

Townsend’s western big-eared bat 
Small-footed myotis 
Long-eared myotis 
Mammalian insectivores (M222) 
Mammalian carnivore (M322) 

Vanadium 

6.80E+Ol 
4.98E+Ol 
6.8OE+O1 

O.OOE+OO 

Vanadium 

5.43E-01 

3.39E-03 
1.2OE-01 
4.54E-01 
8.52E-02 

1.47EtOO 

1.31E+Ol 
1.47E+O 1 

9.07E+CO 
2.16E-04 

2.73E-05 
1.95E-04 

7.92E-03 
6.96B06 
2.66E-05 

l.OlE-02 
2.OOE-03 
2.OOE-03 

1 .SOE-01 
5.OlE-04 

l.O5E+OO 
1.51E+OO 
1.94E-01 
9.46E-01 
4.94B01 

2.6OE+OO 
l.S3E+OO 

2.6OE+OG 
2.24E+C@ 
l.SSE+Ol 
1.2OE-02 

ZillC 

2.33E+O2 
6.23E+Ol 
2.33E+O2 

O.OOE+OO 

Zinc 

l.SlE+oO 

1.35E+OO 

7.79E+OO 
1.54E+OO 
2.56B01 
5.04E+oO 

4.44E+Ol 

4.8OE+Ol 
3.11E+Ol 

2.55B02 

3.23B03 
2.3OE-02 
9.36E-01 
8.22E-04 

3.14B03 
1.20E+OO 
1.37E-01 

1.37E-01 
9.51E-01 
1.26E-01 

9.94E+Ol 
9.22E+Ol 
3.89E+Ol 
5.77E+Ol 

1.68E+OO 
8.84E+OO 

6.23E+oo 
8.87E+OO 
7.62E+OO 
6.46E+Ol 
3.62B01 
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Table l-8. (continued). 

Functional groups 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Plants 

Functional groups 

Amphibians (A232) 
Avian herbivores (AV121) 

Avian herbivores (AV122) 
Avian insectivores (AV210) 

Black tern 
Avian insectivores (AV21OA) 

Avian insectivores (AV221) 
Avian insectivores (AV222) 
Avia” insectivores (AV222A) 

Avian carnivores (AV310) 

Northern goshawk 
Peregrine falcon 
Avian carnivores (AV322) 

Bald eagle 
Ferruginous hawk 

Loggerhead shrike 
Avian carnivores (AV322A) 
Burrowing Owl 

Avian omnivores (AV422) 

Mammalian herbivores (M121) 
Mammalian herbivores (M122) 
Mammalian herbivores (M122A) 
Pygmy rabbit 

Mammalian herbivores (M123) 
Mammalian insectivores (M210) 
Mammalian insectivores (MZlOA) 
Townsend’s western big-eared bat 

Small-footed myotis 

DO% 
OWk?d) 

Vanadium zinc 

4.56E+OO 1.82E+Ol 

6.1OE-02 2.34E-01 

5.76E-01 1.97E+OO 

5.76E-01 1.97E+OO 

1.63E-0 1 7.51E+CO 

3.74E-01 3.5OE+O2 

Hazard Quotient 
(unitless) 

Vanadium zinc 

NA NA 
3.E-02 l.E-01 
9.E-01 6.E-01 
6.E+OO S.E-01 
1 .E+OO l.E-01 
2.E+Ol 3.E+M) 
2.E+02 2.E+Ol 
2.E+02 2.E+Ol 
1 .E+02 2.E+Ol 

3.E-03 1 .E-02 
3.E-04 2.E-03 

2.E-03 1 .E-02 
l.E-01 5.E-01 
9.E.05 4.E-04 
3.E-04 2.E-03 
l.E-01 6X-01 
2.E-02 7.E-02 
2.E-02 7.E-02 
2.E+OO 3.E-01 

3.E-03 3.E-02 
7.E+OO 2.E+Ol 
l.E+Ol 2.E+Ol 
1 .E+OO 9.E+OO 

6.E+OO l.E+Ol 
3.E+OO 4.E-01 
2.E+Ol 2.E+OO 
l.E+Ol l.E+OO 

2.E+Ol 2.E+OO 
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Table l-8. (continued). 

Functional groups 

Long-eared myotis 

Mammalian insectivores (M222) 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Hazard Quotient 
(unitless) 

Vanadium zinc 

l.E+Ol 2.E+OO 

l.E+02 2.E+Ol 

8.Fr02 1 .E-O2 

2.E+Ol 3.E+OO 

3.E-01 4.E-02 

NA NA 

NA NA 

NA NA 
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Table l-9. Calculated dose and hazard quotient from nonradionuclides (m&g-d) at ARA-02 soils. 

COnCenkatiOnS Barium Chromium(III) copper 
Concenkation in surface soil (mg/kg) O.OOE+OO 1.83E+02 O.OOE+OO 

Concentration in subsurface soil (mg/kg) 1 .OOE+O3 O.OOE+OO 2.63E+Ol 
Maximum concentration (mg/kg) 1 .OOE+O3 1.83E+O2 2.63E+Ol 

Water concentration (mg/L) O.OOE+OO O.OOE+OO O.OOE+OO 

Dose 
(mg/kg-d) 

Functional groups BaliEm Cbromium(II1) Copper 
Amphibians (A232) 9.12E-01 1.57E-01 2.4OE-02 

Avian herbivores (AV121) 2.88E-02 2.47E-04 1.94E-03 

Aviau herbivores (AV122) 2.57E-01 1.4OE-03 1.35E-02 

Avian insectivores (AV210) 3.13E-01 3.37E-03 8.23E-03 

Black tern 6.25B02 5.15E-04 l&E-03 

Avian insectivores (AV210A) l.OIE+OO 1.62&02 2.65E-02 

Aviao insectivores (AV221) 2.08E+Ol 2.22E-01 5.48JSOl 

Avian insectivores (AV222) l.O3E+Ol l.O3E-01 2.71E-01 

Avian insectivores (AV222A) 6.21E+OO 1.68E-01 1.63E-01 

Aviao carnivores (AV3 10) 2.56E-04 2.65E-04 4.19B05 

Northern goshawk 3.24E-05 3.35E-05 5.3OE-06 

Peregrine falcon 2.31E-04 2.39E-04 3.78E-05 

Avian carnivores (AV322) 9.38E-03 9.7OE-03 1.54B03 

Bald eagle 8.25E-06 8.52E06 1.35E-06 

Fermginous hawk 3.15E-05 3.26B05 5.16B06 

Loggerhead shrike 1.2OE-02 1.24E-02 1.97B03 

Avian camivores (AV322A) 1.73E-03 1.59E-03 2.28E-04 

Burrowing Owl 1.73E-03 1.59B03 2.28B04 

Avian omnivores (AV422) 1.35E-01 4.14E-03 3.88E-03 

Mammalian herbivores (M121) 2.86E-03 2.30B05 1.85E-04 

Mammalian herbivores (M122) 3.69E+CO 2.33B02 2.09E-01 

Mammalian herbivores (M122A) 2.72E+OO 1.94E-01 1.48E-01 

Pygmy rabbit 9.29E-01 2.79E-02 6.03E-02 

Mammalian herbivores (M123) 2.54E+OO 1.81E-01 1.38E-01 

Mammalian insectivores (M210) 3.4OE-01 3.66E-03 8.94E-03 

Mammalian insectivores (M21OA) 1.79E+OO 1.93E-02 4.71E-02 

Townsend’s western big-eared bat 1.25E+OO 1.36E-02 3.3OE-02 

Small-footed myotis 1.79E+OO 1.94B02 4.7OE-02 

Long-eared myotis 1.54E+OO 1.66E-02 4&E-02 
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Table l-9. (continued). 

Functional groups BtiWll 

Mammalian insectivores (M222) 3.11E+Ol 

Mammalian carnivore (M322) 9.08E-03 

Mammalian omnivores (M422) 3.17E+OO 

Mammalian omnivores (M422A) 4.37E-02 

Reptilian insectivores (R2.22 ) l.OlE+W 

Sagebrush lizard l.OlE+OO 

Reptilian carnivores (R322) 1.31E-01 

Plants 1.50E+02 

Functional groups BtiUll 

Amphibians (A232) NA 

Aviao herbivores (AV121) NA 

Avian herbivores (AV122) NA 

Avian insectivores (AV210) NA 

Black tern NA 

Aviao insectivores (AV210A) NA 

Aviao insectivores (AV221) NA 

Aviao insectivores (AV222) NA 

Avian insectivores (AV222A) NA 

Avian carnivores (AV3 10) NA 

Northern goshawk NA 

Peregrine falcon NA 

Aviao carnivores (AV322) NA 

Bald eagle NA 

Fermginous hawk NA 

Loggerhead shtike NA 

Avian carnivores (AV322A) NA 

Burrowing Owl NA 

Avian omnivores (AV422) NA 

Mammalian herbivores (M121) 6.E-05 

Mammalian herbivores (M122) 8.E-02 

Mammalian herbivores (M122A) 6.E-02 

Pygmy rabbit 2.E-02 

Mammalian herbivores (M123) 5.E-02 

Mammalian insectivores (M210) 7.E-03 

Dose 
(mgikg-d) 

Chromium@) 

4.69E-01 

4.78E-03 

1.62E-01 

1.41E-03 

1.52E-02 

1.52B02 

9.16E-02 

1.37E+OO 

Hazard Quotient 
(unitless) 

Chromium(IH) 

NA 

2.E-04 

l.E-03 

2.E-03 

4.E-04 

I .E-02 

2.E-01 

8.E-02 

l.E-01 

2.E-04 

2.E-05 

2.E-04 

7.E-03 

6.E-06 

2.E-05 

9.E-03 

1 .E-03 

1 .E-03 

2.E-03 

9.E-08 

9.E-05 

8.E.04 

1 .E-04 

7.E.04 

l.E-05 

Copper 

8.17E-01 

6.87E-04 

8.57E-02 

l.l8E-03 

2.65E-02 

2.65E-02 

1.32E-02 

l.O5E+Ol 

Copper 

NA 

5.E-04 

3.E-03 

2.E-03 

4.E-04 

7.E-03 

l.E-01 

7.E-02 

4.E-02 

l.E-05 

l.E-06 

1 .E-05 

4.E-04 

3.E-07 

l.E-06 

5.E-04 

6.E-05 

6.E-05 

7.E-04 

3.504 

3.E-01 

2.E-01 

9.E-02 

2.E-01 

1 .E-02 
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Table l-9. (continued). 

Functional groups Barium 

Mammalian insectivores (M210A) 4.E-02 

Hazard Quotient 
(unitless) 

chromium(III) 

8.E-05 

copper 

7.E-02 

Townsend’s western big-eared bat 

Smell-footed myotis 

Long-eared myotis 

Mammalian insectivores (M222) 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Plants 

3.E-02 5.E-05 5.E-02 

4.E-02 8.E-05 7.E-02 

3.E-02 7.E-05 6.E-02 
7.E-01 2.E-03 l.E+OO 

2.E-04 2.E-05 4.E-04 

4.E-02 4.E-04 l.E-01 

6.E-04 4.E-06 2.E-03 

NA NA NA 

NA NA NA 

NA NA NA 

3.E-01 1 .E+OO l.E-01 
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Table l-10. Calculated dose and hazard quotient from nonradionuchdes (mg/kg-cl) at .AR&O~. 

COnCenkations AIS&C 

Concentration in surface soil 0.OOE+OO 
Concenkation in sub-surface soil 6.23EiOO 
Maximum concentration 6.23~+00 
WaterConCenkatiOn(mgL) O.OOE+OO 

Dose 
(m&g-d) 

Functioual groups Arsenic 

Amphibians (A232) 3.42E-03 

Avian herbivores (AV121) 3.38E-05 
Aviao herbivores (AV122) 5&E-04 

Avian insectivores (AV210) l.l7E-03 

Black tern 2.34E-04 

Avian insectivores (AV210A) 3.77E-03 

Avian insectivores (AV221) 7.8OE-02 
Avian insectivores (AV222) 3.86E-02 
Aviao insectivores (AV222A) 2.33E-02 

Aviao carnivores (AV310) l&E-06 
Northern goshawk 2.07B07 

Peregrine falcon 1.48E-06 

Avian carnivores (AV322) 6OOE-05 

Bald eagle 5.27E-08 

Fermginous hawk 2.OlE-07 

Loggerhead shrike 7.68E-05 
Avian carnivores (AV322A) 9.99B06 

Burrowing Owl 9.99506 
Avian omnivores (AV422) 4.86E-04 

Mammalian herbivores (M121) 3.8OE-06 

Mammalian herbivores (X4122) 6.82B03 

Mammalian herbivores (M122A) 5.38E-03 

Pygmy rabbit 1.23B03 

Mammalian herbivores (M123) 5.038-03 
Mammalian insectivores (M210) 1.27E-03 

Mammalian insectivores (MZlOA) 6.71~-03 

Townsend’s western big-eared bat 4.7OE-03 

Small-footed myotis 6.69E-03 

Long-eared myotis 5.79E-03 
Mammalian insectivores (M222) l.l6E-01 
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Table l-10. (continued). 

Functional groups 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Plants 

Functional groups 

Amphibians (A232) 

Avian herbivores (AV121) 

Aviau herbivores (AV122) 

Aviao insectivores (AV210) 

Black tern 

Avian insectivores (AVZIOA) 

Avian insectivores (AV221) 

Avian insectivores (AV222) 

Avian insectivores (AV222A) 

Avian carnivores (AV310) 

Northern goshawk 

Peregrine falcon 

Avian carnivores (AV322) 

Bald eagle 

Fenuginous hawk 

Loggerhead shtike 

Avian carnivores (AV322A) 

Burrowing Owl 

Avian omnivores (AV422) 

Mammalian herbivores (M121) 

Mammalian herbivores (M122) 

Mammalian herbivores (M122A) 

Pygmy rabbit 

Mammalian herbivores (M123) 

Mammalian insectivores (M210) 

Mammalian insectivores (M210A) 

Dose 
OWwl) 

Arsenic 

4.26E-05 

l.l7E-02 

1.62E-04 

3.77E-03 

3.77E-03 

6.77E-04 

2.49E-01 

Hazard Quotient 
(unitless) 

Arsenic 

NA 

5.E-05 

8.E-04 

2.E-03 

2.EO4 

6.E-03 

l.E-01 

6.E-02 

4.E-02 

4.E-06 

5.E-07 

4.E-06 

1 .E-04 

l.E-07 

5.E-07 

2.E-04 

2.E-05 

2.E-05 

1 .E-03 

1 .E-05 

3.E-02 

2.E-02 

5.E-03 

2.E-02 

5.E-03 

2.E-02 
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Table l-10. (continued). 

Functional groups 

Townsend’s western big-eared bat 

Small-footed myotis 

Long-eared myotis 

Mammalian insectivores (M222) 

Mammalian carnivore (M322) 

Mammalian omnivores (M422) 

Mammalian omnivores (M422A) 

Reptilian insectivores (R222 ) 

Sagebrush lizard 

Reptilian carnivores (R322) 

Hazard Quotient 
(unitless) 

Arsenic 

2.E-02 

2.E-02 

2.E-02 

4.E-01 

2.E-04 

3.E-02 

5.E-04 

NA 

NA 

NA 
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